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Molecular Dynamics Study of Nano-single Crystal Copper Abrasive Wear
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Abstract: A single crystal copper three-body abrasive wear molecular dynamics model is established to simulate
the process of single-crystal copper three-body abrasive wear with different water film thicknesses and loads by the
open source molecular dynamics simulation software. The wear mechanism and wear rate of the load on the abrasive
wear of the single crystal copper matrix are analyzed. The results show that when there is no water film, the abrasive
is directly pressed into the single crystal copper matrix. As the load increases,the copper atoms worn by the matrix
increase greatly. Under a certain load, due to the excellent bearing and lubrication effect of the water film, as the
thickness of the water film increases, the wear rate of the single crystal copper matrix decreases. At a certain
thickness of the water film,as the load increases, the abrasive presses through the water film and contacts directly
with the substrate,and the force between the abrasive and the substrate increases as the load increases,so the wear
rate of the substrate increases.
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Fig. 1 Molecular dynamics model of single-crystal copper

tri-body abrasive wear of aqueous film
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Table 1 LenNard-Jones potential energy parameters

Interaction-atom pair e/(kJ » mol™ 1) §/nm
0—0 0. 774 90 0.315 89
Cc—0O 0.478 50 0. 327 50
Cu—0 3.8 0. 246 70
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Fig. 2 Abrasion configuration of anhydrous membrane materials: Longitudinal section of single crystal copper under

(a)40 nN load; (b)60 nN load; Wear surface of single crystal copper under(c)40 nN load; (d)60 nN;Load Morphology of

worn atoms(e)under 40 nN load; (f)under 60 nN load
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Table 2 Interaction forces between water film,abrasive and single crystal copper under different conditions

Water film External Force between water film Force between water film Force between abrasive
thickness/nm load/nN and substrate /nN and abrasive /nN and substrate /nN

40 20.18 10. 89 2.97

60 11. 87 13. 66 10. 09

03 80 13. 44 15. 87 24.01
100 11.53 13.82 39. 56

40 38. 38 13.43 1. 88

60 33.97 20.09 5.93

00 80 30. 11 21. 41 20. 03
100 25.63 21.82 35.33

40 46. 22 20.23 0. 85

60 49. 85 31. 84 2.56

! 80 43.73 44. 24 7.07

100 35.32 41.08 20. 96
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Fig. 3 Abrasive wear configuration diagram of water-containing membrane material : Longitudinal section of single crystal copper (a)40 nN
load; (b)60 nN load;Single crystal copper wear surface(c)40 nN load; (d)60 nN load; Wear morphology(e)40 nN load; (f)60 nN load
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Fig. 4 Transient defects in the upper substrate
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